Abstract This study was designed to investigate the prevalence rate of Toxoplasma gondii (T. gondii) infection in household cats in Korea. One hundred household cats and 50 feral cats from nine of the largest cities in Korea were enrolled in this study. The tests performed in this survey was an in-house rapid screen IgG and IgM combo test, faecal PCR test for T. gondii oocysts, and an ELISA immunoassay for IgG antibodies. There were no household cats positive for T. gondii infection detected using the inhouse IgG and IgM rapid screen combo test, although 6/50 and 0/50 feral cats were positive in IgG and IgM tests, respectively. This initial finding was confirmed by subsequent ELISA test for IgG antibody and PCR for T. gondii in faeces. Despite the higher prevalence rate of the disease in feral cats in Korea, we did not find any household cats that were either infected or exposed previously to T. gondii in our study population. Our study indicates that there is minimal risk of T. gondii transmission from household cats to human in Korea.
Introduction
Toxoplasmosis is an important zoonotic disease caused by Toxoplasma gondii (T. gondii) reported in almost all domestic animals and humans but subclinical asymptomatic disease in animals is far more common than symptomatic clinical disease (Dubey 2009 ). Since cats are the final host for T. gondii, the prevalence of T. gondii in feral cats has been widely investigated in many countries (Maruyama et al. 2003; Miró et al. 2004; Haddadzadeh et al. 2006; Zhang et al. 2009 ). Although most transmission to humans is most likely due to eating undercooked infected meat (e.g., lamb and pork) and/or unwashed fruits and vegetables, many doctors believe erroneously that an infected cat is more likely the route of transmission of T. gondii to humans. In fact, the prevalence of T. gondii in feral cats is relatively high in some countries (Maruyama et al. 2003; Haddadzadeh et al. 2006; Zhang et al. 2009 ). In Korea, several studies have also found a relatively high prevalence rate (13-45%) of T. gondii in feral cats (Kim et al. 2008; Lee et al. 2008) . Despite high prevalence rate in feral cats, it is hardly to see clinically ill cats by toxoplasmosis in local veterinary practice in Korea. Therefore this study focused on determining the actual prevalence rate of T. gondii in household cats from nine major cities across Korea.
Materials and methods

Cats
One hundred household cats (50 females, 50 males, 1-12 years old, 3.4-7.2 kg in body weight) and 50 feral cats (25 females, 25 males, unidentified age, 2.4-8.1 kg in body weight) from nine major cities across Korea were enrolled in this survey. These cats were clinically healthy and visited local veterinary clinics for either vaccination or routine health check. All feral cats were presented for trapneutering-release program and were clinically healthy. We obtained the consent of the owners and administration of cat shelter for sample collection and publication of this survey, prior to the study.
Blood collection and assays
Blood was collected from each cat via a cephalic or jugular puncture. The blood was placed into a serum separation tube and centrifuged for 5 min at 1800 g after clotting at room temperature for 2 h. One to two drops of serum were transferred to the rapid screen test kit for IgG/IgM antibodies against T. gondii (SensPERT Feline Toxo IgG/IgM Ab Test Kit, Vetall, Korea). The test was performed according to the manufacturer's instructions. The ELISA test against T. gondii IgG antibody was performed according to Choi et al. (1992) . Faecal samples from all cats were also collected to detect T. gondii oocysts from faeces. DNA extraction from faecal samples was performed using a DNeasy Mini column kit (Qiagen, Hilden, Germany) according to the manufacturer's instructions. PCR test against T. gondii oocysts were performed according to Herrmann et al. (2011) .
Results
No household cats were found positive using the rapid screen IgG and IgM combo test. The ELISA test against IgG antibody of T. gondii also found no positive cats and confirmed the initial screen test. Further PCR test against T. gondii oocysts also found no positive cats. In feral cats, 6/50 cats (3 females and 3 males) were positive for IgG test, while no cats were positive for IgM test. Further ELISA test against IgG antibody of T. gondii confirmed seropositive in 6 cats which were previously positive in rapid screen IgG test. However, PCR test against T. gondii oocysts failed to find positive cats.
Discussion
Several epidemiological surveys conducted in several countries found a high prevalence of T. gondii infections in feral cats, with a substantially lower rate in household cats (Maruyama et al. 2003; Miró et al. 2004; Haddadzadeh et al. 2006; Zhang et al. 2009 ). Similarly, the prevalence rate of T. gondii in feral cats in Korea was also found to be relatively high in general (13-45%; Kim et al. 2008; Lee et al. 2008) . In contrast, a recent survey in one metropolitan area of Seoul, found no seropositive cats (Lee et al. 2010) . This previous report is corroborated by our study where we did not detect any seropositive household cats, although 6/50 feral cats were seropositive (12%). Furthermore, we did not detect any cats shedding T. gondii oocysts in 100 household cats and 50 feral cats derived from nine major cities in Korea. The prevalence rate in feral cats in our study was similar to other study (Kim et al. 2008 ). All positive cats were from southern part of Korea, where annual mean temperature is higher than other regions. Probably, warmer environment might be a contributing factor for T. gondii infection. There was no sex predilection for T. gondii infection in this study. According to survey reports from other countries, the prevalence rate of T. gondii in household cats was 25.5% in Spain (Miró et al. 2004 ), 36% in Iran (Haddadzadeh et al. 2006) , 17.9% in China (Zhang et al. 2009 ), and 5.4% in Japan (Maruyama et al. 2003) . Furthermore, the prevalence rate of T. gondii in feral cats was higher than that of household cats in the same area, as observed in our study.
Authors believed several factors involved zero percentage of prevalence rate of T. gondii in household cats in this study. Firstly, the household cats had better health care, and were raised in a better hygienic environment, so that the risk of exposure to T. gondii might be lower. Secondly, the preference of commercial diets by Korean cat owners might also reduce the risk of food contamination from T. gondii, because the major sources of transmission of T. gondii in humans are undercooked infected meats and unwashed vegetables. Unlike raw meats and vegetables, the commercial diets including dry pellets and wet cans tend to be better sterilized prior to the sales. Therefore the risk of exposure to T. gondii might also be lower in household cats for the reasons stated previously. Lastly, unlike other countries, most household cats are strictly indoor cats, so the risk of exposure to infected feral cats is reduced considerably. This assumption is supported by the lower prevalence rate of T. gondii in household cats in Japan, where the living environment is much similar to Korea.
The importance of this study is that we have found a zero prevalence of T. gondii in household cats from nine major cities in Korea. This outcome suggests that the mode of transmission of T. gondii to humans is less likely to be via the household cat. Furthermore, our study also suggests that the risk of transmission of T. gondii from the cats to humans can be dramatically reduced if the cat lives indoors and fed uncontaminated food.
